IMPROVED SWING ARM GUIDANCE SYSTEM 

.J 

Background of the Invention 

Field of the Invention 

The present invention relates in general to center pivot irrigation systems having 
swing amis for providing water to the comers of a field and more specifically relates to a 
guidance system that is utilized for controlling the travel of the swing ami on a desired 
path. 

Description of the Prior Art 

Center pivot irrigation systems have long been known in the art for providing water 
to large sections of land. A typical center pivot system is capable of inigating one 
hundred and sixty acres or more. A center pivot system is formed of a main arm water 
conduit that is fixed at one end to a central point of water supply. The main arm is 
supported on a plurality of wheeled towers and is pivotally attached to the source of water 
to provide a circular irrigation pattern surrounding such supply. 

Center pivot inigation systems have proven to be highly efficient in imgating large 
sections of land. They suffer from the deficiency that they produce a circular water 
pattem, although most fields are either rectangular or square shaped. Accordingly, a 
center pivot system by itself will not be able to provide water to the comers of a field, 
resulting in decreased production or complete loss of production therein. To increase the 
amount of area that can be watered by a center pivot system, high pressure sprayers 
known as end guns have been mounted on the end of the center pivot main arm and are 



actuated at the comers to produce a water spray into only a portion of the comers. Due 
to this fact, end guns are not an effective or efficient method for watering the comers and 
improved comer watering systems have been desired. 

In the 1970's, the use of an additional watering arm (called a swing amri) was 
begun, with the swing ami being pivotally attached to the free end of the main ami to 
pivot out into the comers as desired. A variety of different methods for steering and 
driving the swing ami have been developed, but the most successful and predominantly 
used system for controlling the movement of the swing arm is through the use of an 
electromagnetically charged cable that is buried in the ground along the path that the 
swing ami is desired to follow. See U.S. Patent No. 3,902,668 to Daugherty, et al. 

Through the use of buried cable controls, swing ami center pivot irrigation systems 
have been improved in efficiency and operation. Nevertheless, there are certain 
drawbacks in such systems, particulariy in instances where the topsoil of a field may 
overiie a rock substrata. In view of the fact that a buried cable system requires the laying 
often thousand or more feet of cable, when rock is present in a field, installation of the 
buried cable becomes unusually difficult and expensive. It is also very expensive to repair 
or to alter the path of the system once the cable is buried. 

Other methods used to steer the swing arm include the use of encoders and angle 
comparisons or electrical control means with banks of switches and settings for the 
desired paths. See U.S. Patent No. 4,340,183 to Kegel and U.S. Patent No. 3,797,517 to 
Kircher, respectively. 
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Until recently the use of Global Positioning Satellite (GPS) data to guide the swing 
arm of a center pivot imgation system would have been impractical from the standpoint 
that such position calculations were too inaccurate and GPS receiver/senders were 
prohibitively expensive. However, with advancements in GPS technology, systems have 
now been developed for guiding a swing arm along a desired preselected path. 

One example of a prior art swing arm guidance system is disclosed in U.S. Patent 
No. 6,095,439 issued to Segal, et al. A second known swing arm guidance control GPS 
system is disclosed in U.S. Patent No. 6,290,151 B1 issued to Barker, et al. Both of 
these prior art patents disclose guidance systems that include a single GPS receiving 
antenna positioned on the swing tower in a location between the wheels of the tower. 
However, locating the swing tower receiving antenna in such position is detrimental to 
optimum guidance of the swing tower. 

The present invention is designed to provide a new and improved guidance 
system for the steering control of a swing ami on a center pivot system that overcomes 
the deficiencies of the prior art. 

Summary of the Invention 

The present invention involves a guidance system for providing a steering control 
of a swing arm on a center pivot imgation system having a main ami water conduit with 
one end pivotally connected to a known central point of water supply at a known location 
and supported on at least one movable tower. The guidance system includes a pivot 
satellite signal receiving means for producing position information repriBsentative of the 
calculated position of the known central point and a comparator means for comparing the 



3 



known position of the central point with the calculated position infomnation of said point 
and then generating an error signal representative of the difference therebetween. 

A swing ami satellite signal receiving means Is mounted from a swing tower for 
said swing ami and extends outwardly therefrom for producing position information 
representative of the calculated position of the swing arm. A first processing means is 
employed for using the en^or signal produced by the comparator means to adjust the 
position infomiation produced by the swing ami receiving means to generate corrected 
swing arm position information. 

In the preferred embodiment an antenna of the swing arm receiving means is 
mounted in a position fonA^ard of one of the steerable wheels of the swing tower and is 
adapted to pivot in a direct relation to the pivoting of the wheels to improve the operation 
of the system 

The foregoing and other advantages of the present invention will appear from the 
following description. In the description, reference is made to the accompanying 
drawings, which form a part hereof, and in which there is shown by illustration and not of 
limitation a specific form in which the invention may be embodied. Such embodiment 
does not represent the full scope of the invention, but rather the invention may be 
employed in a variety of other embodiments and reference is made to the claims herein 
for interpreting the breadth of the invention. 



4 



Brief Description of the Drawings 

Fig. 1 is a simplified pictorial diagram showing a center pivot imgation system with 
a main boom and a swing amrj that is controlled by the guidance system of the present 
invention and two GPS satellites that are used by such guidance system; 

Fig. 2 is a more detailed view of the swing arm and guidance system of Fig. 1 ; 

Fig. 3 is a diagrammatic representative view of the paths that the swing arm and 
main boom will travel; 

Fig. 4 is a perspective view of a swing tower of the swing arm; 

Fig. 5 is a partial exploded view in perspective of the top portion of the swing 

tower; 

Fig. 6 is a Block diagram of the logic path for the first preferred embodiment of 
the guidance system of the present invention; and 

Fig. 7 is a diagrammatic view of the manner in which the guidance system of the 
present invention calculates steering signals for the swing arm. 

Detailed Description of the Preferred Embodiment 

Fig. 1 shows a swing arm center pivot inrigation system generally at 10. A center 
pivot 12 for the system 10 is stationary and connected to a main boom 16 which can be 
comprised of several separate boom sections 16a, 16b.. .16n. Such boom sections are 
supported by means of supporting towers 18a through 18n, each of which have wheels 
20 and drive motors 22. A swing arm 26 (best shown in Fig. 2) is comprised of boom 
section 26a and 26b and is pivotally connected at 28 to the outer end of the boom 
section 16n. The swing arm 26 is supported by a swing tower 30 which has wheels 32 
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that are in a tandem relationship. The wheels 32 on the tower 30 are steerable by the 
use of steering means 36 (see Figs. 2 and 4) and are driven by electric motors (not 
shown) in a response to movement of the main boom 16 with respect to the swing arm 
26 as is well-known in the art. 

The center pivot 12 is connected to a source of water, such as a well 40. Water 
is supplied from the well 40 along the lengths of the main boom 16 and the swing ami 
26 for delivering a desired amount of water to sprinkler heads such as shown 
respectively at 52 and 54 in Fig. 2. 

As indicated in Fig. 3, the main boom 16 is only capable of covering a circular 
area 56 of a field 58 around the center pivot 12. When pivoted about the outer end of 
the outer section 16n, the swing arm 26 permits irrigation of a section of the field 58 
outside of the circular area 56. The present invention is designed to provide an efficient 
and accurate guidance system for controlling movement of the swing arm 26 and a 
prefen-ed embodiment of the guidance system of the present invention will now be 
described. 

In the preferred embodiment, the swing ami guidance system has a base unit 68 
(Fig. 1) that includes a center pivot satellite signal receiving means 70 mounted on the 
center pivot 12, although theoretically, the receiving means 70 could be located in any 
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known relatively near, stationary position. Preferably, the means 70 is a Trimble BD750 
RTK GPS Receiver with an L1/L2 antenna. Prior to operation of the system 10, the 
means 70 is programmed with its exact latitude and longitude coordinates. 

The signal receiving means 70. is capable of receiving position signals from a 
number of global positioning satellites 72 (only two of which iare shown in Fig. 1) and 
generating a correction factor every second based upon a comparison of its 
programmed known position and that received through the GPS satellites 72. 

The correction factor produced by the receiving means 70 is supplied via an 
electrical cable, not shown, to a rover unit 74 (Fig. 2) mounted on the swing tower 30. 
Associated with the unit 74 is a swing tower satellite signal receiving means 76 as seen 
in Figs. 4 and 5. 

As shown best in Fig. 5, the swing tower receiving means 76 includes fonA^ard 
and reverse GPS receiving antennas 78 and 80 respectively that are mounted on 
opposite ends of a cross arm 82 that is approximately eight feet long. A vertically 
aligned mast 84 connects between the cross arm 82 and a bracket assembly 86 for 
attaching the mast 84 to the swing tower 30 in such fashion so that the receiving means 
76 will pivot during steering of the swing tower 30 as will now be described. 

Referring again to Fig. 4, the swing tower steerable wheels 32 are mounted at 
the lower ends of vertically aligned struts 92 and 94 that are connected together at their 
upper ends by a cross beam 96. As is well known in the art, a steering motor housing 
98 is mounted on the top end of the wheel strut 92 and is associated, as indicated in 
Fig. 5, with a wheel steering axle 104, one of which is also contained in the wheel strut 
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94 for transferring the operation of the steering motor to steer the wheels 32. 

Associated with each of the steering axles 104 are steering arms 106 that are 
affixed to the axles 104 so that they rotate in a direct relationship to rotation of the 
steering axles 104. To allow the use of only one steering motor for the swing tower 30 
a steering tie-rod 108 (see Fig. 4) is attached to the steering amis 106. Thus, when the 
steering motor applies a steering force on the associated axle 104 and the steering arm 
106, such force is transmitted by the tie-rod 108 to the other steering ami 106 to cause 
the steering movement of the wheels 32 to be synchronized. 

Refening again to Fig. 5, the swing tower receiving means 76 is mounted to the 
steering ami 106 by the bracket assembly 84 in such position that the cross arm 82 is 
always in a parallel alignment with the steerable wheels 32 and the path of travel 
thereof. Accordingly, when the steering amis 106 are pivoted during steering 
movement of the wheels 32, the signal receiving means 76 likewise is pivoted in a 
direct relationship to the pivoting action of the wheels 32 during steering movement. 
Due to the fact that the cross arm 82 is eight feet long, the fonA/ard antenna 78 extends 
forwardly of its associated wheel 32 by approximately four feet, and the reverse 
antenna 80 extends rean^/ardly of such wheel approximately a similar distance so that 
one of the antennas 78 or 80 always leads the wheel 32 depending upon the particular 
direction the system 10 is moving. 
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Only one of the antennas 78 and 80 receives the GPS signals at any given time 
as a switching relay (not shown) is utilized to activate the fonA/ard antenna 78 when the 
system 10 is moving in a forward direction and to activate the reverse antenna 80 when 
the system 10 is moving in a reverse direction. 

Because of the location of the antennas 78 and 80 leading the associated 
steerable wheel 32, poisition information utilized by the signal receiving means 76 does 
not represent the exact position of the swing tower 30. Instead, such information 
represents a position that is forward or reanvard of the wheel 32, which relationship is 
critical to the efficient and improved operation provided by the guidance system of the 
present invention by reducing the amount of overshoot that is realized In steering the 
swing tower 30 back to a desired path of travel 118 shown in Fig. 3. In known prior art, 
guidance systems that have the swing tower receiving means located directly on the 
swing tower in between the steerable wheels, the swing tower is steered toward the 
desired path of travel 118 until the tower reaches It, The guidance system then begins 
a change of the steering signals but the steerable wheels cannot be turned fast enough 
to prevent the swing tower from overshooting. Consequently, by placing the GPS 
antenna for the swing tower 30 in a fonA/ard position ahead of one of the steerable 
wheels, such overshooting is significantly reduced. 

The position information provided by the signal receiving means 76 is supplied to 
the rover unit 74, which preferably is located in association with the swing arm tower 30. 
The unit 74 then generates position information of one of the antennas 78 and 80 using 
the correction factor that has been formulated by the receiving means 70 in conjunction 
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with the position information signals received by either the fonward antenna 78 or the 
rearward antenna 80 from GPS satellites 72. 

The position infomnation produced by the rover unit 74 is In the form that 
represents the longitudinal and latitudinal coordinates of the forward or reverse antenna 
78 or 80, depending upon the direction the system 10 is moving, and is accurate to 
within 2 centimeters of the true position of such antenna. Referring to Fig. 6, the 
position information of the rover unit 74 is supplied to a central processing unit 116, that 
is preferably located on the swing ami 26 as part of the rover unit 74 and preferably is a 
386 computer in PC 104 format with two RS 232 communication ports. 

In addition to receiving position infonnation from the swing tower receiving 
means 76, the CPU 116 stores information representative of the desired path 118 (Fig. 
3) for the swing arm 26, which path Infomiatlon is produced before the system 10 can 
be operational. The swing arm path information can be generated by walking the rover 
unit 74 around the field 58 along the desired path 1 18 or by using d computer 
simulation. 

The CPU 1 16 is programmed so that during the initial walk through, it 
automatically calculates the distance of the fonn^ard antenna 76 and its azimuth with 
respect to the center pivot 12 for every .1 degree of the change of azimuth angle. 
Thus, in a 360 degree circle there will be 3600 location data pairs that are saved and 
stored in the pemianent memory of the unit 116. 
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Another function of the CPU 1 16 Is to compare the position Infonnation from the 
receiving means 76 to the stored desired path infonnation. To be able to perfonm this 
comparison the CPU 116 is programmed to convert the position Infonnation from the 
means 76, which is In the format of a particular latitude and longitude, into the distance 
and azimuth format In which the deisired path information is stored. 

Once the above path Information conversion Is made, the CPU 116 compares 
the value of the position information azimuth to that stored in memory to find the 
distance from the forward antenna 78 to a point midway between two selected points 
on the selected path of travel 118, one on either side of the azimuth calculated. For 
example, Fig. 7 shows a diagrammatic view of the type of calculation made by the CPU 
116. 

If the fonvard antenna 78 Is located at a point 1,202 feet, AZ 123.3 degrees, 
preferably the CPU 116 will select points 120 and 122 on the path 1 18 which are 
located at AZ 120.2 degrees and AZ 120.4 degrees and then detennine the 
perpendicular distance 124 from the antenna 78 to a line 126 drawn through the 
selected data points 120 and 122, which line 126 represents the distance of the 
antenna 78 from the preferred path of travel 118. If the location emor Is greater than a 
set point (for example .5 feet) then steering control occurs. Steering is always toward 
the selected data points, meaning a steer out if the antenna 78 Is inside the data points 
120 and 122 and a steer in if It Is outside such data points. 
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Once the location enor is detemnined, it is preferably transmitted to a 
programmable logic controller 1 30 designed to respond to the error distance by 
calculating steering signals that will cause a change in the steering of the swing tower 
30 to most efficiently move it back to the intended path 118. The steering signals are 
supplied to the steering means 36 so that the guidance system of the present invention 
controls the direction of travel of the steerable wheels 32 of the swing tower 30 to move 
it back to the desired path 118. However, once one of the antennas 78 or 80 reaches 
the path 118, the steering control is altered as previously described to minimize any 
overshoot in travel by the tower 30. 

Thus, the present invention provides a novel, efficient and accurate means for 
controlling the travel of a swing arm 26 on a center pivot irrigation system 10. Although 
the control means of the present invention has been described with respect to a 
preferred embodiment, it should be understood that such embodiment may be altered 
without avoiding the tme spirit and scope of the present invention. For example, the 
CPU 116 and the logic controller 130 can be combined in a single module if so desired 
and other modifications to the electronics can be made as should be obvious to those 
skilled in the art. It is also important to note that use of GPS satellites 72 for controlling 
the position of the swing tower 30 also provides the system 10 with the ability to supply 
an optimum water pattern from the swing arm 26 depending upon its position. This is 
accomplished by sequencing the sprinklers 54 as the swing arm 26 moves into a corner 
as is well-known in the art. 
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